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(57)Abstract: 

PURPOSE: To obtain a microorganism, having weak 5 -aminolevulinic acid dehydratase 
activity and capable of producing the 5 -aminolevulinic acid even under both anaerobic 
bright and aerobic dark conditions and a method for producing the 5 -aminolevulinic 
acid under the anaerobic bright or the aerobic dark conditions using the microorganism, 
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its resting microbial cell or enzyme without adding a 5 -aminolevulinic acid dehydratase 
inhibitor thereto. 

CONSTITUTION: This microorganism is obtained by subjecting a photosynthetic 
bacterium such as Rhodobacter sphaeroides to the mutation treatment and capable of 
producing 5 -aminolevulinic acid under both anaerobic bright and aerobic dark 
conditions and has weak 5 -aminolevulinic acid dehydratase activity. This 
microorganism, its resting microbial cell or enzyme is used to produce the 
5 -aminolevulinic acid in high yield at a low cost by adding a small amount of a 
5 -aminolevulinic acid dehydratase inhibitor or without addition thereof under the 
anaerobic bright or the aerobic dark conditions which are set conditions of the existing 
equipment. 
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1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] 5 -aminolevulinic acid production bacillus obtained by carrying out variation 
processing of the photo synthetic bacterium. 

[Claim 21 A photosynthetic bacterium is load-bar KUTA. 5 -aminolevulinic acid 
production bacillus according to claim 1 characterized by being SEFAROIDESU. 
[Claim 3] The claim 1, 5-aminolevulinic acid production bacillus of two publications 
which are characterized by ****ing to the Fermentation Research Institute, the Agency 
of Industrial Science and Technology, as Fermentation Research Institute **** No. 
(FERM P-11752) 11752. 

[Claim 4] The manufacture method of 5-aminolevulinic acid characterized by making 
5-aminolevulinic acid production bacillus cultivate under existence of a glycine and a 
succinic acid. 

[Claim 51 The manufacture method of 5-aminolevulinic acid characterized by contacting 
the pause biomass of 5-aminolevulinic acid production bacillus, or the enzyme of the 
biomass origin to a glycine and a succinic acid. 

[Claim 6] The manufacture method of a claim 4 and 5-aminolevulinic acid five 
publications characterized by 5-aminolevulinic acid production bacillus being 
5-aminolevulinic acid production bacillus according to claim 1 to 3. 


[Translation done.l 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method of manufacturing 
5-aminolevulinic acid by high yield also under an aerobic dark condition, from the first 
under aversion Ming conditions, without adding the matter which checks the activity of 
5-aminolevulinic acid dehydratase with the enzyme of 5-aminolevulinic acid production 
bacillus and 5-aminolevulinic acid production bacillus, its pause biomass, or its biomass 
origin. 
[0002] 

[Description of the Prior Art] 5-aminolevulinic acid is a compound which has played the 
important role in a living organism as a precursor of a tetrapyrrole compound, it is the 
natural compound which has the outstanding property which will be said if this 
5-aminolevulinic acid shows the effect which was excellent as a herbicide and an 
insecticide, moreover does not show toxicity to men and beasts, and it does not have a 
residual property to environment, either, since resolvability is high (refer to the patent 
application official announcement No. 502814 [ 61 to ], and JP,2-138201,A) However, 
practicality is missing this natural 5-aminolevulinic acid having high cost, and using it 
as a herbicide or an insecticide (29 Chemical Week/October, 1984). many 
chemosynthesis methods are considered in such the present condition -- **** (for 
example, refer to JP,2-111747,A) - still sufficient method is not developed 
[0003] On the other hand, the manufacture method of 5-aminolevulinic acid using 
microorganisms, such as a photosynthetic bacterium, is also considered (references, 
such as JP,2-92293,A and a Japanese-Patent-Application-No. No. 307216 [ one to ] 
specification). In a living organism, dyad condenses 5-aminolevulinic acid by 
5-aminolevulinic acid dehydratase, it serves as a porphobilinogen, is reacted 
consecutively, and is metabolized to various kinds of tetrapyrrole compounds. 
[0004] By the way, generally the above-mentioned 5-aminolevulinic acid dehydratase is 
a strong enzyme, and in order that it may make 5-aminolevulinic acid in a living 
organism usually react promptly, it is rare. [ of 5-aminolevulinic acid being accumulated 
in a living organism ] In order to store up this 5-aminolevulinic acid, it is necessary to 
weaken the activity of 5-aminolevulinic acid dehydratase. The method of generally 
adding the activity inhibitor of 5-aminolevulinic acid dehydratase represented by the 
levulinic acid as this technique is learned (also by the manufacture method of 
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5-aminolevulinic acid using above-mentioned JP,2-92293,A or the microorganism of 
Japanese Patent Application No. No. 307216 [ one to ], the levulinic acid is used as an 
activity inhibitor of 5-aminolevulinic acid dehydratase). By this method, the cost of 
activity inhibitors, such as a levulinic acid to add, needs to separate this 
5-aminolevulinic acid and these activity inhibitor after accumulation of 
5-aminolevulinic acid this top. 

[0005] On the other hand, if a photosynthetic bacterium is cultivated by the aerobic 
dark condition, it will not generate 5-aminolevulinic acid. On the other hand, the 
present practical fermentation facility is set as cultivation of an aerobic dark condition. 
Therefore, in the manufacturing technology of 5-aminolevulinic acid which uses a 
photosynthetic bacterium, the existing fermentation facility could not be used, but 
reconstruction of a new facility or the existing facility was needed, and the rise of the 
manufacturing cost of 5-aminolevulinic acid was inevitable. 

[0006] this invention is producing [ in / aversion Ming conditions or an aerobic dark 
condition / 5-aminolevulinic acid dehydratase activity is weak, and ] 5-aminolevulinic 
acid moreover in consideration of the above many points. It aims at proposing the 
manufacture method of the high yield which cannot require addition of the activity 
inhibitor of proposing 5-aminolevulinic acid production bacillus to cut and 
5-aminolevulinic acid dehydratase, and can perform aerobic either aversion Ming 
conditions or a dark condition, and 5-aminolevulinic acid of a low cost. 
[0007] 

[Means for Solving the Problem] In order that this invention persons may attain the 
above-mentioned purpose, as a result of repeating research, although (1) photosynthetic 
bacterium was mutated, to inside This strain is strain with 5-aminolevulinic acid 
dehydratase activity there are some which show growth weak [ at the minimal medium 
] growth and strong at the minimal medium which added the porphobilinogen, and 
weak, Moreover, although the photosynthetic bacterium was mutated, if it checks to 
inside that the strain which produces 5-aminolevulinic acid in an aerobic dark condition 
exists and the strain of (2) above is further used for it very little addition [ without 
adding 5-aminolevulinic acid dehydratase activity inhibitor ] ~ moreover, even if it uses 
the existing fermentation facility set as the aerobic dark condition, it checks that 
5-aminolevulinic acid can be manufactured by high yield, and it came to develop this 
invention 

[0008] That is, 5-aminolevulinic acid production bacillus of this invention is 
characterized by carrying out variation processing of the photosynthetic bacterium, and 
being obtained. Moreover, 5-aminolevulinic acid production bacillus of this invention is 
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for example, load-bar KUTA as a photosynthetic bacterium which is an old stock. 
SEFAROIDESU (Rhodobacter sphaeroides) is used. Furthermore, 5 -aminolevulinic acid 
production bacillus of this invention is the strain which can produce 5 -aminolevulinic 
acid on the weak strain and aerobic dark condition, or aversion Ming conditions of 
5-aminolevulinic acid dehydratase activity, and what was deposited with the 
Fermentation Research Institute, the Agency of Industrial Science and Technology, as 
Fermentation Research Institute **** No. (FERM P-11752) 11752 is mentioned as the 
example. A bacteria stock is an example of the variant which has the two 
above-mentioned properties simultaneously. The manufacture method of 
5-aminolevulinic acid of this invention is characterized by making 5-aminolevulinic acid 
production bacillus cultivate under aversion Ming conditions or an aerobic dark 
condition under existence of a glycine and a succinic acid. Moreover, the manufacture 
method of 5-aminolevulinic acid of this invention is characterized not only by the thing 
of the growth system of the above-mentioned 5-aminolevulinic acid production bacillus 
but by contacting the pause biomass of 5-aminolevulinic acid production bacillus, or the 
enzyme of the biomass origin to a glycine and a succinic acid. Furthermore, 
5-aminolevulinic acid production bacillus used for the manufacture method of 
5-aminolevulinic acid of this invention is characterized by being 5-aminolevulinic acid 
production bacillus of this invention described above, for example. 

[00091 Hereafter, the detail of the manufacture method of 5-aminolevulinic acid 
production bacillus of this invention and 5-aminolevulinic acid is explained, first, 
load-bar KUTA whose 5-aminolevulinic acid production bacillus of this invention is a 
photosynthetic bacterium the inversion to the porphobilinogen of 5-aminolevulinic acid 
which used SEFAROIDESU as the old stock, and it is varied and obtained, and 
5-aminolevulinic acid dehydratase activity was weak as mentioned above, and produced 
this from the glycine and the succinic acid ~ **** - it supposes that it is small and a lot 
of 5-aminolevulinic acid is accumulated in culture medium Moreover, 5-aminolevulinic 
acid production bacillus of this invention can also be cultivated on aversion Ming 
conditions, and can be cultivated also by the aerobic dark condition. The detail of the 
separation method of 5-aminolevulinic acid production bacillus of this invention of 
having such a property is illustrated below. 

[00101 A component required for multiplication of the above-mentioned old stock is 
poured distributive ly in a test tube, after sterilizing, an old stock is inoculated and 
stationary culture is carried out to the bottom of optical irradiation. Variation operation 
is performed after the buffer solution washes this culture medium. As this variation 
operation, the usual variation technique is employable. For example, an old stock is 
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cultivated in the buffer solution which irradiated physical variation fields, such as 
ultraviolet rays and ionizing radiation, at the old stock on an agar medium, or added 
chemical mutagens, such as base analogs, such as alkylating agents, such as an ethyl 
methane sulfonate (EMS) and N-methyl-N'-nitroglycerine-N-nitrosoguanidine (NTG) 
and an ethyl oximido urea (ENU), and a bromodeoxyuridine (BrdUrd), or there is a 
method of using biological variation fields, such as a transposon mutation method. After 
varying the above-mentioned old stock by such variation technique, the buffer solution 
washes further, and it scatters and cultivates to an agar medium etc. 
[0011] or [ that the minimal medium shows weak growth by isolating the colony 
obtained by the above-mentioned operation in order to obtain strain with weak 
dehydratase activity efficiently ] - or it cannot grow at all but can choose by checking 
that strong growth is shown by the culture medium which added the porphobilinogen 
Moreover, in order to choose the stock which accumulates a lot of 5-aminolevulinic acid 
into culture medium also by the aerobic dark condition, a variant can be cultivated by 
the aerobic dark condition and it can choose by measuring 5-aminolevulinic acid in a 
culture medium. In addition, although the property of above both can also be acquired 
by one variation, it can vary to a variant only with one of properties further, and both 
properties can also be given to it. 

[0012] In the case of the old stock before variation, the case of the variant after variation 
is easy to be the same, and a general culture-medium component or the component 
usually used for cultivation of a photosynthetic bacterium is added by the culture 
medium used for such separation / variation operation besides carbon sources, such as 
glutamic acid, a malic acid, an acetic acid, a pyruvic acid, a lactic acid, a succinic acid, a 
fumaric acid, a tartaric acid, a gluconic acid, ethanol, a glycerol, a glucose, a fructose, a 
mannitol, a sorbitol, and a yeast extract. As a general culture -medium component, 
organic nitrogen sources, such as inorganic-nitrogen compounds, such as ammonia, an 
ammonium chloride, ammonium phosphate, an ammonium sulfate, an ammonium 
carbonate, an ammonium acetate, an ammonium nitrate, a sodium nitrate, and a urea, 
and a yeast extract, dry yeast, a peptone, a meat extract, corn steep liquor, a 
KAZAMINO acid, can be used as a nitrogen source. Moreover, as mineral, each salts, 
such as a potassium, sodium, iron, magnesium, manganese, copper, calcium, and cobalt, 
etc. can be used. 

[0013] Moreover, in order to remove metals which exist for example, in a culture 
medium, such as iron and cobalt, as a component usually used for cultivation of a 
photosynthetic bacterium and to promote generation of 5-aminolevulinic acid, especially 
the thing for which a chelating agent is added is desirable. As this chelating agent, an 
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ethylene-diamine-tetraacetic acid, cyclohexanediamine tetrapod acetic-acid, 
glycol-ether diamine tetrapod acetic-acid, diethylenetriaminepentaacetic-acid, 
triethylenetetramine hexa acetic-acid, nitrilotriacetic-acid, alpha, and alpha* -dipyridyl 
etc. is mentioned, for example. Especially the addition to the culture medium of these 
chelating agents has desirable 1 - 4 mmol/1 about one to 10 mmol/1 to the whole culture 
medium. If there are too few additions, metals, such as iron and cobalt, are 
unremovable enough, and if there are too many additions, it will become prevention of 
5-aminolevulinic acid generation. Any of continuous or intermittent addition are 
sufficient as the addition method. Furthermore, as a culture condition, in the case of an 
old stock, an old stock and a variant may have the desirable bottom of the optical 
irradiation anaerobic conditions of about 0.5 to 50 Klux during pH about five to 8 
temperature of about 15-45 degrees C, and about one - ten days of time, and when it is a 
variant, you may be under the same optical irradiation anaerobic conditions as the case 
of an old stock, or an aerobic dark condition. 

[0014] CR-17 which are an example of the strain obtained by the above-mentioned 
separation / variation operation have strong growth in the culture medium which had 
the almost same mycology-property as an old stock, and growth was weak and added 
the porphobilinogen in the porphobilinogen additive-free minimal medium. And in the 
culture medium by which a glycine and a succinic acid are added and 5-aminolevulinic 
acid dehydratase activity inhibitor is not added, under an aversion Ming condition or an 
aerobic dark condition, 5-aminolevulinic acid is generated and it accumulates so much. 
This CR-17 stock is deposited with the Fermentation Research Institute, the Agency of 
Industrial Science and Technology, [the Fermentation Research Institute bacillus 
deposition No. (FERM P-11752) 11752], 

[0015] Next, the detail of the manufacture method of 5-aminolevulinic acid of this 
invention is explained. Not only 5-aminolevulinic acid production bacillus of this 
invention represented with this invention method by the above-mentioned CR-17 stock 
but what is obtained by other creation methods, the thing obtained considering other 
bacilli as an old stock, and 5-aminolevulinic acid dehydratase activity obtained by the 
other separation methods are weak, and 5-aminolevulinic acid production bacillus 
which produces 5-aminolevulinic acid by aversion Ming conditions or the aerobic dark 
condition can be used. In addition, in an aerobic dark condition, not only strain with 
weak 5-aminolevulinic acid dehydratase activity but the strain this activity of whose is 
usually a grade can be used. 5-aminolevulinic acid can be manufactured by making 
these 5-aminolevulinic acid production bacilli cultivate under the bottom of existence of 
a glycine and a succinic acid, aversion Ming conditions, or an aerobic dark condition, or 
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contacting the pause biomass of these biomasses, or the enzyme of the biomass origin to 
a glycine and a succinic acid. 

[0016] Hereafter, the manufacture method of 5 -aminolevulinic acid using CR-17 stock is 
explained. The same culture medium as the case where the above-mentioned CR-17 
stock is separated is used, and it cultivates by the same culture condition. At this time, 
in order to strengthen growth, you may add a porphobilinogen. Moreover, cultivation 
time can be shortened, if it cultivates by the complex medium which added the yeast 
extract etc. and what carried out the harvest is used. Furthermore, more 
high-concentration 5-aminolevulinic acid is generable by keeping pH of culture medium 
constant within the limits of 5-8 using HC1 solution or NaOH solution. Moreover, if it 
adds simultaneously with the cultivation start of CR-17 stock, since a CR-17 stock 
proliferation rate will become slow, as for a glycine and a succinic acid, it is desirable to 
add, when [ a certain ] grade multiplication is carried out. In any [ of a glycine and a 
succinic acid ] case, especially the addition of about 15 to 45 mmol/1 is desirable about 
ten to 80 mmol/1 to the whole culture medium. Moreover, although whole-quantity 
addition may be carried out at once, you may add the addition method continuously or 
intermittently. 

[0017] Moreover, the activity inhibitor of 5 -aminolevulinic acid dehydratase of CR-17 
can also be added at this time. It can compare with the addition in the case of the 
manufacture method by the microorganism of conventional 5-aminolevulinic acid, **** 
small quantity is sufficient as this addition, for example, when using a levulinic acid as 
this inhibitor, it is about 1/3 amount of the conventional initial complement, and can 
obtain the yield of 5-aminolevulinic acid of the same grade as the former. In addition, 
you may add small quantity (the amount of said) every at a fixed interval from the time 
of the cultivation start of CR-17 (at or the time of addition of a glycine and a succinic 
acid), and the addition method of this levulinic acid may add the whole quantity at the 
time of a cultivation start (at or the time of addition of a glycine and a succinic acid). 
Furthermore, after growth of a bacillus passes over the middle of a logarithmic growth 
phase, in addition, to add is good. At this time, it is good also as optical irradiation 
anaerobic conditions of about 0.5 to 50 Klux, or is good also as an aerobic dark condition 
which is the setups of the existing facility. 

[0018] In order to manufacture 5-aminolevulinic acid as an enzyme of a pause biomass 
or the bacteria origin using the above-mentioned CR-17 stock, the same culture medium 
as the case of above-mentioned variation and separation is used first, and using as it is 
what was cultivated by the same culture condition, by centrifugal separation etc., cell 
separation is carried out and it uses. In addition, it can also be used, solutions', such as 
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a phosphate buffer's, washing the separated biomass and making this solution suspend 
it further. Moreover, as for the enzyme of the biomass origin, it is desirable to use what 
was refined by the conventional method. That is, after detaching the biomass debris 
obtained by, for example, carrying out crush processing of the above-mentioned 
suspension of a biomass by the ultrasonic wave, the French press, the high-pressure 
homogenizer, etc. by solid-liquid by centrifugal separation etc., what was used as the 
refining enzyme by general refining meanses, such as column refining and 
electrophoresis, is used. Furthermore, since its amount of enzymes per unit volume will 
increase if these pause biomasses and enzymes of the biomass origin are fixed, if what 
was fixed is used, they can react efficiently. This fixation can be performed by 
conventional methods, such as the alginic-acid calcium method, the polyacrylamide gel 
method, a polyurethane-resin method, and an optical bridge formation resin method. 
[0019] If a glycine and a succinic acid are contacted in a phosphate buffer, a reaction will 
arise and 5 -aminolevulinic acid will be manufactured by these pause biomasses and 
enzymes of the biomass origin. As for the reaction condition at this time, it is desirable 
to suppose that it is the same as that of the conditions in above-mentioned variation and 
separation of CR-17 stock. In addition, optical irradiation is unnecessary when using an 
enzyme. In this reaction, it is desirable as an energy source to add suitably electron 
donors, such as ATP (adenosine triphosphate), pal-P (pyridoxal phosphate), CoA 
(coenzyme A) and a methanol, ethanol, hydrogen, nicotinamide adenine dinucleotide 
(NAD), formaldehyde, and formic acid. In addition, also in this reaction, the activity 
inhibitor of 5 -aminolevulinic acid dehydratase can be added. 

[0020] 5-aminolevulinic acid in the culture medium obtained as mentioned above or 
reaction mixture can be refined by the conventional method. For example, it can collect 
by methods, such as solvent extraction, and the well-known refining methods, such as 
column chromatography, can also be suitably used together at this time. 
[0021] 

[Function] Since 5-aminolevulinic acid production bacillus of this invention has weak 
5-aminolevulinic acid dehydratase activity, it cannot convert even into a 
porphobilinogen 5-aminolevulinic acid generated by operation of this production 
bacillus from a glycine and a succinic acid. For this reason, 5-aminolevulinic acid 
production bacillus of this invention makes the operation which accumulates 
5-aminolevulinic acid so much in the culture medium of bacteria. Moreover, under an 
aversion Ming culture condition, since 5-aminolevulinic acid production bacillus of this 
invention has the operation which produces 5-aminolevulinic acid under an aerobic 
dark culture condition from the first, according to this strain, it accumulates 
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5-aminolevulinic acid also by the aerobic dark condition which is the setups of the 
existing fermentation facility. 

[0022] Moreover, it is by the manufacture method of 5-aminolevulinic acid of this 
invention. 5-aminolevulinic acid production bacillus of this invention which makes the 
above operations is begun. 5-aminolevulinic acid production bacillus [ in not only 
aversion Ming conditions but an aerobic dark condition ] which can produce 
5-aminolevulinic acid or these pause biomass with other weak or 5-aminolevulinic acid 
dehydratase activity, and the enzyme of the biomass origin are used. Only by adding a 
**** minute amount, though it adds separately like before, without adding the activity 
inhibitor of 5-aminolevulinic acid dehydratase in order to manufacture 5-aminolevulinic 
acid from a glycine and a succinic acid And 5-aminolevulinic acid can be manufactured 
by high yield and the low cost by aversion Ming conditions or the aerobic dark condition 
which is the setups of the existing fermentation facility. 
[0023] 
[Example] 

The culture -medium component of the glutamate malate culture medium shown in 
example 1 table 1 was melted to 11. of tap water, and the culture medium 1 was 
prepared. pH of a culture medium 1 was 6.8. 
[0024] 
[Table 1] 
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[0025] 10ml of culture media 2 which added and prepared yeast-extract 2 gA to the 
above-mentioned culture medium 1 was put into the test tube with an outer diameter of 
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21mm, they were sterilized for 15 minutes at 121 degrees C, and stationary culture of 
load-bar KUTA SEFAROIDESU (Rhodobacter sphaeroides) IFO12203 which is a 
photosynthetic bacterium was carried out for three days under optical irradiation of 1 
loop **** splice, 30 degrees C, and 5Klux. 10ml of culture media 2 was poured 
distributively in another test tube, and it sterilized in it. The reciprocal shaking culture 
of the above-mentioned culture medium 1 was carried out to these culture media 2 by 3 
loop **** splice, 30 degrees C, and 250rpm for 8 hours. At-long-intervals heart 
separation of this culture medium 2 was carried out for 30 seconds in 15,000rpm for 
washing, the supernatant liquid was thrown away, and the tris maleic-acid buffer (pH 
6.0) was made to suspend so that it may become the culture medium 2 and the amount 
of said before centrifugal separation. This washing operation was repeated twice [ 
further ]. Then, at-long-intervals heart separation was again carried out for 30 seconds 
in 15,000rpm, the supernatant liquid was thrown away and gentle placement 
incubation of the solution in which the N -me thy 1-N' -nitroglycerine -N-nitrosoguanidine 
(NTG) which is a chemical mutagen was dissolved by lOOmicrog [/ml ] concentration 
was carried out for 80 minutes at the culture medium (before the 2nd centrifugal 
separation) 2 of a basis, equivalent ****, and 30 degrees C. 

[0026] Thus, after washing the processed bacillus 1 3 times by the same method as the 
above, it was poured distributively in another test tube, was planted in the culture 
medium 2 which sterilized, was inherited, and carried out reciprocal shaking culture for 
two days by 30 degrees C and 250rpm. It scattered on the petri dish which sterilized the 
culture medium which added and prepared agar 17 g/1 to the culture medium 2 for 15 
minutes at 121 degrees C, and similarly sterilized, and the agar plate culture medium 
was prepared. The above-mentioned culture medium (culture medium of a bacillus 1) 3 
was diluted and applied to this petri dish 1,000 times by the sterilized water, and it 
cultivated for four days at 30 degrees C. By the culture medium 1, growth sorted out the 
variant stock in which growth weak and strong against a culture medium 1 in 
culture -medium 1' which carried out 300micromol/l addition of the porphobilinogen is 
shown among the colonies obtained as mentioned above. It is load-bar KUTA in one of 
these variant stocks. SEFAROIDESU It was named CR-17. 

[0027] After having planted variant stock CR-17 (Fermentation Research Institute **** 
No. 11752) obtained in the example 2 example 1 in the culture medium 1, inheriting it 
and cultivating for one day under optical irradiation of 30 degrees C and 5Klux, strain 
was washed 3 times by the same method as an example 1 by tris hydrochloric-acid 
BAHHAA (pH 8.1), and crude enzyme liquid was obtained by ultrasonic spallation. 
5-aminolevulinic acid dehydratase (ALAD) activity of this crude enzyme liquid was 
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measured by Sato's and others method (447 J. Nutr.Sci.Vitaminol., 27,439- 1981). Each 
ALAD activity value is shown in Table 2 with the activity value of an old stock. 
[0028] 
[Table 2] 
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2 4.8 

CR- 1 7 1 

1 3. 4 
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[0029] Variant stock CR-17 (Fermentation Research Institute **** No. 11752) obtained 
in the example 3 example 1 was inoculated into the culture medium 1, and was 
cultivated under optical irradiation of 30 degrees C and 5Klux for 24 hours. 
Subsequently, it added so that might become 30 mmol/1 about a glycine and it might 
become 30 mmol/1 about a succinic acid, and cultivation was continued for further 24 
hours. When the fixed quantity of the 5 -aminolevulinic acid in culture medium was 
carried out by the coloring method with a yell RIHHI reagent, 186micromol/l production 
of the 5 -aminolevulinic acid was carried out. 

[0030] Preliminary cultivation of the variant stock CR-17 (Fermentation Research 
Institute **** No. 11752) obtained in the example 4 example 1 was carried out for two 
days under optical irradiation of 30 degrees C and 5Klux by the culture medium 1. This 
was inoculated so that it might become 5-aminolevulinic acid production culture 
medium (glycine 60 mmol/1, succinic-acid 60 mmol/1, malic-acid 2.7 g/1, KH2PO40.5 g/1, 
K2HPO40.5 g/1, CaC120.053 g/1, pH 6.8) with 2 g/1, and it was cultivated for two days 
under optical irradiation of 30 degrees C and 5Klux. Consequently, 522micromol/l 
production of the 5-aminolevulinic acid was carried out. 

[0031] The same operation as an example 4 was performed except having started the 
production cultivation by the example 5 5 -aminolevulinic acid production culture 
medium, having carried out 5 mmol/1 addition of the levulinic acid after 5 mmol/1 and 
the cultivation start on 5 mmol/1 and the 2nd on the 1st at the time of a cultivation 
start, and having made incubation period into three days. Consequently, 8.2 mmol/1 
production of the 5-aminolevulinic acid was carried out. 

[0032] After having planted variant stock CR-17 obtained in the example 6 example 1 in 
the culture medium 1, inheriting them and cultivating under optical irradiation of 30 
degrees C and 5Klux on the 1st, strain was washed 3 times by the same method as an 
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example 1 with the tris hydrochloric-acid buffer, and the crude enzyme liquid of the 
amount of 0.88mg proteins per ml was obtained by ultrasonic spallation. To this, it 
added so that it might be set to ATP8.5 mmol/1, CoA-SHl mmol/1, pyridoxal-phosphate 1 
mmol/1, glycine O.lmol/L, succinic-acid sodium 0.1 mol/1, magnesium chloride 10 mmol/1, 
tris hydrochloric-acid buffer 50 mmol/1, and glutathione 0.3g/L, and 37 degrees C 
incubated to it for 2 hours. Consequently, 824micromol/l production of the 
5 -aminolevulinic acid was carried out. 

[0033] CR-17 and the old stock which were obtained in the example 7 example 1 were 
inoculated into the culture medium 1, it was under [ of 30 degrees C 1 the dark 
condition, and as the amount of oxygen and levulin acidity were shown in Table 3, they 
were cultivated. 12 hours after the cultivation start, 30 mmol/1 addition of 30 mmol/1 
and the succinic acid was carried out for the glycine. In addition, addition time of a 
levulinic acid was made into the 12 -hour back of a cultivation start. The amount of 
5 -aminolevulinic acid generation at this time is shown in Table 3. 


[0034] 
[Table 3] 



5-t;; i^u ym^f&M 

(/zmo 1/1) 


(mm o 1 / 1 ) 


CR- 1 7 


0 

2 

4 6 


1 5 

1 8 

10 8 


1 5 

8 

9 2 


[0035] It turns out under an aerobic dark condition that variant stock CR-17 are 
generating 5-aminolevulinic acid in large quantities compared with an old stock so that 
clearly from Table 3. 
[0036] 

[Effect of the Invention] As explained in full detail above, 5-aminolevulinic acid 
production bacillus of this invention can create a photosynthetic bacterium by the easy 
operation as an old stock. Moreover, since the activity of 5-aminolevulinic acid 
dehydratase which can produce 5-aminolevulinic acid from a glycine and a succinic acid, 
moreover condenses dyad [ of 5-aminolevuUnic acid ], and is converted into a 
porphobilinogen is weak according to the 5-aminolevulinic acid production bacillus of 
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this invention, a lot of 5 -aminolevulinic acid can be accumulated in culture medium. 
Furthermore, according to the 5 -aminolevulinic acid production bacillus of this 
invention, under aversion Ming conditions, 5-aminolevulinic acid is producible also by 
the aerobic dark condition from the first. 

[0037] And according to the manufacture method of 5-aminolevulinic acid of this 
invention, the activity of a 5-aminolevulinic acid dehydratase like 5-aminolevulinic acid 
production bacillus of the above-mentioned this invention is weak, and it sets to the 
bottom of an aversion Ming condition, and any of an aerobic dark condition. The pause 
biomass of 5-aminolevulinic acid production bacillus which can produce ** 
5-aminolevulinic acid, or this bacillus, and the enzyme of the biomass origin can be 
used, and 5-aminolevulinic acid can be manufactured by high yield from a glycine and a 
succinic acid. 

[0038] According to the manufacture method of 5-aminolevulinic acid of this invention a 
certain sake, a manufacturing cost can be reduced by coming out enough by addition of 
a **** minute amount at this time, though addition of 5-aminolevulinic acid 
dehydratase activity inhibitor is unnecessary and it adds. And when not adding 
5-aminolevulinic acid dehydratase activity inhibitor, after manufacture of 
5-aminolevulinic acid, the partition stage of this 5-aminolevulinic acid and 
5-aminolevulinic acid dehydratase activity inhibitor becomes unnecessary, and an 
installation cost not only decreases, but manufacture efficiency can improve sharply 
and it can reduce a manufacturing cost sharply. In addition, since manufacture of 
5-aminolevulinic acid can be performed in an aerobic dark condition, industrial 
production of 5-aminolevulinic acid can be performed using the existing fermentation 
facility as it is, and sharp reduction of facility cost can be aimed at. Furthermore, 
according to the manufacture method of 5-aminolevulinic acid of this invention, since 
the above-mentioned 5-aminolevulinic acid production bacillus can be used by the 
growth system, at the time of a cultivation start, a lot of 5-aminolevulinic acid only by 
only using little 5-aminolevulinic acid production bacillus can be manufactured, and a 
manufacturing cost becomes still cheaper. 


[Translation done.] 
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fi&ffi-Cti. JhfBCDJ: 5 ttffiffl«:&-r*»W©5 -75 
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[0024] 
[«1 ] 


^¥6 - 1 6 9 7 5 8 


8 


It H w 

*fll£ (gr/1) 


3 . 

8 



2 . 

7 


KH g P O 4 

0. 

5 


KnHPO A 

0. 

5 


(NH 4 ) 2 HP °4 

0. 

8 


MgS0 4 - 7H 2 0 

0. 

2 
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5. 

3x10" 

2 

MnS0 4 • 5H 2 0 

1 . 

2X10" 

3 


1 . 

0x10" 

3 


1 . 

0x10" 

3 


1. 

0x10" 

5 
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[0 0 0 3] r^-^rj ttji»K:«fc-ori>< 03&>©«SWc 

4MB3*V -Ttttofc. r^ra^yj £ffi84£ Lfcfc<D«r 40 

"5Jlj8 , C*^§©*BS Philip. Agric, vol.4 

5, pp. 490- 516 (1962)Sr#H8tOC<b) 


1fHfW7 - 7 9 7 9 7 

2 

[0 00 5] C(D^**£Ji£T*B«B#. T-tek^ 
£ — - ^v' A (Acetobacteocylinum)T?£><5C £ 
tt, ■j-CtC?B?>3& a CCStaT:4B*3 (Philip. Agric., vol. 
51, pp. 462-474 (1967); Philip. Jour. Sci . t vol. 96, 
pp. 91-109 (1967) ^»Ci) . £/t, 

(Philip. Agric, vol.51, pp. 475-485 (1967)), T-fe 

SCiCCct-sTyil/ttCD^H^rMLTt^,, 
[000 6] */c, ^^COWSttiWXltC. »MB*:JB0» 

[000 7 ] 

€rt# S 7t &> OC $ n/c pj^tt -fe ^ n - ^ JgtC lOnmgq 
[0009] 

<. y^cDpI^^^-fejun-xco^ccigL/ca 

p - x ^ss^-r £#ffi£t§«-r & c <t ic* 

[0010] rttto-^. #»IB*e>*5. ^Mi^MT 


(3) 

3 

- x j&we it s n s <b i > 5 ^ < » u >*nja k ira-r 

[0 0 1 1 ] *«!BCCfeC>xafflpJffi«Ci2^P-XSg£ 

• ^ A (Acetobacter xylinum) ttJMT&M 

ft. 3#CC. **?a#6*Slfe*L/c Acetobacter xylinum 

FF-88©f&, Acetobacter xylinum (IFO 13693), Acet 
obacter xylinum (IFO 13773), Acetobacter xylinum 20 
(ATCC 10245) , Acetobacter xylinum (ATCC 10821) , 

Acetobacter xylinum (ATCC 11142) tji £<DWfcifflR£L 

©y t ts^wr spjfttt-fejv n - x y ^ £ 

±~C£?$L/O 0 MIS Acetobacter xylinum FF- 

m*. ¥fi£5^9£ioBCC. *(SUHACCj:r>-C. ^ 
mo < rfmw 1 TE 1 « 3 #CC W£©iiiSj8**X!l 

FERM BP-4407 J&Sff-^SJVCO 

(Saccharomyces cerevi siaeX If *7 n 5 -fe X * a^is 
(Saccharomyces rouxii), 7 ^7 U ^ -teX ■ # — ;UX*^ 
;Uy>^X (Saccharomyces carlsberqensis)^ "^^^0 
5-feX * D-feV (Saccharomyces rosei) , r<7 >:r-f # * 
— (Candidamogii), ^>f^-^-fr^ 'JX(C 
andida versatilis)& ciCDftL ft^oX^frC^JB^ fl£-r 
V X 5 -feX (Debaryomyces)S, ^>-te*^ j. (Hansenu 
la) JR. b )isU7'isX<Joru-}ops-\s)m^£M~?Z>WM& 

wbxzz. 40 

[0013] ^BJO^ffiCCiSi. igttfiffiCC-feJl/D 

-^^©y^sjsEsns. ccoyMi, at*o^tt 

fc. costfi£snfcy^«:2%*K{b^h voat? 100 
fc»(c*«iO'C»6ti/c»»y;w@JK!B*s, *<o$J$& 

^cD*^#^n-x so 


- 7 9 7 9 7 

4 

[0014] ±25Lfc-t2Jl/n-^^t6*WL/cftKB 
tBSSfflc»r y;u«©pJft1ta*«!-i2^ n - x 

X, #^r-X. *7>^- r -;k y;H^h-;K 
b-x, ^h-x, r^t'^-x, ^;U^h-x^cr> 

-'BBS. 817>^^^A 4 WK*7'J^A, iSx^ 

r«, 20X^640*0, »*U<tt25"C*>e>35*a £/c v 
PH»1^8, » * 0 < 2 * 6 rffUft** 1 5© 

a* iiff&y;u*f#s±T«*bt». 

[0015] 5fe^a^Tft/i:J: 5 CC. *»?B(D«JS55ffi 
[0017] */c. iiWML/citCiil^g 

[0018] ftBffli«*ft*rjff«ttr*>s/c«), im<h<D 


(4) 8fS¥7 - 7 9 7 9 7 


5 

*. 

[0019] 
[0 02 0] HftWl 

A 0.5%, mmT>t^ r y^Q.06%. SSMV^^A 
-7H*0 O.Q2%^fiS*>*>fc£*SJft (pH 5.0)300ml«: 5 

[0 0 2 1 ] ±IBfflJ5S<i:raCiafl6<DS»*fflt*rfflgl|K: 
lijigfiO/c 10 5 fS^{i<DAcetobacter xylinum FF-88 CF 
ERM BP-4407), lO^^liOSaccharomyces ce* 


* revisiae (IFO 10055)** 5fctC HHM U fc*SMb$Cfiii3 L , 
[0 02 2] I^tC#&S£ LT, ttKS<30**«BUfc 

* l los'cr-tia <t & £ * l /cirsRfc 

[0 024] 

[311 ] 



£>/P £ (mm) 


KSIi (g) 

A. 

xy 1 inum is J: O* 




S. 

cerevis i ae 

15 

92. 8 

0.693 

A. 

xylinuni ^O*^ 

12 

72. 2 

0. 549 

A. 
81 

xy I inuni ±> «t 
ISr S. cerevisiae 

13 

79. 5 

0. 598 





A. 
S. 

xy 1 inura J: 
cerevis i ae 

5.5X10 3 

3. 2X10 8 

A. 

xy 1 inum CD ^ 

7. 2x 10 5 

A. 
331 

xy 1 inum feckO* 
ISr S. cerevi siae 

7.6x 10 5 


[002 5] _tia^nc^0/cSm^5W6^^ci:^ 
[0 02 6] ^Efefll2 


BuS#L/c 10* <@i£{4CDAcetobacter xyl i numFF-88 (FE 
RM BP-4407)<t ltf(B*fi*S^|J 10 s {@#{££>Sacchar 
omycescerevisiae (IFO 10055)£rfifIiU 3O # C"ClO0BB 

[0 027 ] [HlBtCc^ffSi UT, ftBt©**fitLte 

[0029] 
C*2] 


nmW- 7 - 7 9 7 9 7 


8 



<D1W- £ (mm) 


ftfilSSCg) 

A. 

xy 1 i num «t CK 




S. 

cerevisiae (X 10 1 ) 

12 

68. 3 

0. 512 

A. 

xy ] inum & <k & 




S. 

cerevisiae (x 10 s ) 

15 

87. 6 

0. 662 

A. 

xy 1 inum <0^> 

11 

66. 5 

0.453 



i&* **7 iSifc 4> <z>£.a$t 

A. xy 1 inum & «k 

S. cerevisiae (xio s ) 

2. 3X 10 5 3.1x10* 

A. xy 1 inum fc J: If 

S. cerevisiae (xlO 5 ) 

2. 3X 10 5 5. 2x 10 s 

A. xylinura ®^ 

8. 1X10 5 


[0030] ±is^2 j: 9) v wmw<o&*mmoit&m 

[003 1 ] ggj»W3 
A 0.5%, $!17^>")A- 7H0 0.05% (pH5.0)CO 


30 


«J?S*» 300ml £ SOOml^OjAP^^X^KCCA 


:Rb/c 10 s f!#.{4cDAcetobacter xylinun FF-88 (FERM 
BP-4407)i. lO'ffl^&OSacchanomyces cerevisiae, 
Saccharomyces rouxii, Candida mopii „ te-cfci^Candid 
a milleri a $ '• 5 U V ) ©S*©*TS2a 3 

^u/ci^bttc^otili, 3o"C"C#«g#£ 
[0032] mmcwMt or, i^iio^^iiu/c 

[0 033] UT. -5-<D«*%TsE*3 OC^l/fc. 

[0034] 

C*3] 


(6) 


nm^l -19197 


10 



8xW 

A. xy 1 i num <D 

16 

A. xy 1 inum is X If 
S. cerevisiae 

11 

A. xy 1 inum 3$ J: If 
C. mogii 

10 

A. xylinum $5 
S. cerevisiae 
C. mog i i 

9 

A. xylinum is J: if 
C. milleri 
C. mogii 

9 

A. xyl inum *J £ If 
S. cerevisiae 
C. railleri 
C. mogii 

10 


A. xyl inum is <fc CX 
S. r oux i i 

A. xy 1 inum is ek Cf 
S. cerevisiae 
S. roux i i 

A. xy 1 inum is i If 
S. roux i i 
C. milleri 

A. xyl inum is <fc tf 
S. cerevisiae 
S. roux i i 
C. mi 1 1 e r i 


A. xyl inum is 
S. roux i i 
C. milleri 
C. mogii 


11 


10 


10 


10 




A. xy I inum 3$ J: O* 
C. milleri 

11 

A. xylinum 

S. cerevisiae 
C. milleri 

10 

A. xyl inum is <fc £>' 
S. tdux i i 
C. mogii 

9 

A. xy I inum is J; Zf 
S. cerevisiae 
S. r dux i i 
C. mogii 

9 


[0 036] 

A 0.5%, K^r>- : e-^Ao.o6%, 5SK-^*s*">a 

* 7H,0 0.02% (pH6.0)O,^E^^>^:^lgHfe200ml^rK 


P^^rj (500ml??) CCA*V SIb/c, ±ieStifetc 

HS-X^X. 7j^X^ *$<fctf£OU 

3 — ^SStfSifi^fSSSfl/jfcSaccharomyces cerevisi 
ae (IFO 10055)<DffiS*«liO* 25*Cr, 2BRH1£5 

[0 03 7] C SOOmlSfOEPAr^ 
*jKCC#L*c«i i^^P-XlO^ HS^*X0.25 
50 %, 27'J^A 0.5%, KMT>*~^A0.06 


(7) 


7-79797 


11 


12 


%. Wgt^tfZts^J* - 7H.0 0.02% (pH6.0) 
^ScSSiftTfliSSLyfc lO'fliJifiCDAcetobacter xyli 
num FF-88 (FERM BP-4407)£ttg3 U 30"CT, lOB^If 

-7 /"Co 

[003 8] Elll*tC*MS± IT, ftBfO**fifb/c* 


[0040] 
C*4] 



©I? $ (mo) 

olf(g) 


A. 

xy ] Lnura fc J: 




S. 

cerev is i ae 

16 

98.3 

0.731 

A. 

xylinum 

12 

70. 2 

0.499 

A. 

xy 3 inuni fc J; 





18? S. cerevisiae 

13 

79. 1 

0.577 




Si 

A. 
S. 

xy 1 inura J; If 
cerevisiae 

2. 5x 10 5 

1. 3x 10 s 

A. 

xylinura CD 

6. 3x 10 s 


A. 

xy 1 i num & X If 
iSF S> cerevisiae 

5, 9x 10 5 



[0 04 1 ]l4^imJ:^ ii^tUci 30* 

[0042] gifeflis 


[0 04 3] ^<D&m. C^fti©yjTOI^^ A 
[0044] 

« £i> M^s&m**** tor**. 


[#*BSjE1 ] A 0.5%, WR^^S^A * 7H,0 0.05% (pH5.0)CD 

[«jE«»3ib*] 0031 *i. shl/c 0 ±sefflfl&ti^iajis©e»-cfflguccfjrs 

[ffiEfrS] ^JE ltfffl^&OAcetobacter xylinun FF-88 (FERM 

[ffijEF^S] BP-4407)£. 10 s {l^{uCDSaccharomyces cerevisiae 

[0 0 3 1 ] HfiSffl)3 (IFO 10055), Saccharomyces rouxii CIF0 0 320) „ Can 


(8) 


*SH¥7 - 7 9 7 9 7 


dida moqii (IFO 0452), & <fc O'Candi da versatilis 
(#>7W ¥ * X-V?4 ] )Z : IFO 1228) ©SIS* 




A. xy 1 inum 

16 

A. xyl iDum ;fc <fc 


S. cerevisiae 

11 

A. xy 1 inum $5<$:& 


C. mog i i 

10 

A. xy 1 inua is <£. ZS 


S. cerevisiae 

9 

C. Bogii 


A. xy 1 inum «£ 


C. versat i lis 

9 

C. mogii 


A. xy 1 inum $5 J; & 


S. cerevisiae 


C. ver sa t i I i s 

10 

C. mogii 



* CffiEttifrSSg] 0 03 4 

[0034] 
C«3) 




A. xyj inum is X If 
S. rou xi i 

u 

A. xy I inum «fc If 
S. cerevisiae 
S. rouxii 

10 

A. xy 1 inum $3 «fc Zf 
S. rouxii 
C. versatilis 

10 

A. xyl inum *> <t Zf 
S. cerevisiae 
S. rouxii 
C. versa t i li s 

10 

A. xyl inua £ Of 
S. roux i i 
C. ver sa t i 1 i s 
C. nog i i 

9 




A. xyl inum -fc If 


C. versatilis 

11 

A. xyl inum *> Ji Zf 


S. cerevisiae 

10 

C. versatilis 


A. xyl inum fej;t^ 


S. rouxii 

9 

C. mogii 


A. xyl LnuQ <fc Zf 
. S. cerevisiae 

S. rouxii 

C nogii 

9 


csDint.a. 6 mms Jrftmmm^ fi mawkTrnm 

(C 1 2 P 39/00 
C12R 1:02 
1:85 
1:72) 


